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IN T R O D U C T IO N
Last year the new Policy on G eom etric D esign of H ighw ays and 
Streets - 1984, bette r known as the G reen Book was adopted as the new 
highw ay guide for the design of highw ays by A A S H T O . T he FH W A  
basically decreed that the new G reen Book would be the au thority  to be 
used as a guide in the design of new and  m ajor reconstruction  projects; 
how ever, a grace period was provided for projects tha t were curren tly  
u n der design or that were already designed. This grace period extended 
for one year until M ay 15, 1986. A ny project let after this date would 
be expected to adhere to the new G reen  Book guidelines irrespective of 
when the projects were designed, unless an exception to these guidelines 
had been gran ted  on an item  by item  basis.
A lthough the grace period has provided us with some transition  tim e 
to incorporate the new design guidelines and  criteria  into ou r p lans, we 
are still experiencing great difficulties in com pleting  plan developm ent 
and letting projects before the M ay date. O bviously projects requ iring  
the acquisition of right-of-w ay can only be accelerated by some m inim al 
degree and  cannot m eet the M ay deadline.
Projects where the design has been com pleted w ithin the last two to 
three years for the most part do not m eet the new G reen Book guidelines. 
If  right-of-w ay has been purchased, any additional right-of-w ay acquisi­
tion necessitated by p lan m odifications to meet the new guidelines will 
requ ire  reopening negotiations w ith some property  ow ners, involving 
some new owners in the land acquisition process as well as causing greater 
env ironm ental im pacts and rekindling anim osities that m ay have 
previously exited, etc. Although some benefits in travel efficiency or safety 
m ay be realized from the incorporation  of the new standards into the 
design of a project the increased effects, and possibly, the greater adverse 
im pacts created by the seem ingly ever-changing design produces po ten ­
tially serious negative perceptions by the public, especially the affected 
public, regard ing  the sta te ’s creditability . In o ther words, the affected 
public does not always like the effects that a project m ay have upon them , 
bu t once acclim ated to these effects, they do not w ant to be introduced
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to additional changes which may create even m ore adverse effects upon 
the ir p roperty , personal activities or businesses on a continu ing  basis.
G R E E N  B O O K  D E S IG N  C H A N G E S
Several items m entioned  in the new G reen Book which vary from 
previous criteria, guidelines or concepts which we have followed or 
adhered  to in developing highw ay plans in the past have introduced  new 
design standards or considerations which have increased the com plexity 
of projects.
T he  principle changes which have created  the most difficulties, 
especially in already designed plans, are as follows:
1. V ertical A lignm ents —
New K  values for both crest and sag vertical curves have increased 
because of the adoption of a new height of eye for a vehicle driver. 
T his tends to lengthen vertical curves, which creates a problem  
on previously designed projects because of lim ited availability of 
right-of-w ay, etc.; how ever, on new design the problem s are 
m inim al as long as we are able to use K  values in the lower to 
m iddle portion  of the range of acceptable values. W hen we are 
required  to use K  values in the upper or m ore desirable half of 
the range, the vertical curves become very long which is espec­
ially critical on overpasses w here bridges are involved and cer­
tain  bridge clearances m ust be provided. The p rim ary  problem  
results from the increased im pact on property  ow ners. Almost all 
o lder designs do not m eet cu rren t criteria on county  roads, 
a lthough the m ainline designs will norm ally m eet m inim al new 
requirem ents.
2. Functional C lassification  o f Roads and Streets —
In the past, design criteria  was based upon the traffic volum e or 
a certain  reasonable speed, now, design is based upon functional 
classification of the road. W here past practice dictated the use of 
a 50 m ph design speed for a local county road such as those which 
are separated  over the m ain line, present G reen  Book buidelines 
m ay require  as m uch as a 70 m ph design speed for the sam e road 
because the functional classification is an arterial road. M any times 
neither the projected traffic counts nor the alignm ent or condi­
tion of the present road supports this high of a design standard . 
Short stretches of road im provem ent provided by our design which 
is predicated upon the cu rren t functional classification of the road 
usually extends the lim its of the im provem ent section and  m ay 
contribute to potential problem s in the future because once a driver 
enters the im proved section of roadw ay he tends to expect the im ­
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proved section to continue for several miles rather than  for several 
hundred  feet.
3. Interchange Geom etries —
M inim um  acceleration and deceleration lengths have been in ­
cluded in tables in the new G reen Book. In general, the m inim um  
deceleration lengths are easily met when the M V -4 s tandard  exit 
geom etries are provided in the plans; how ever, the m in im um  ac­
celeration lengths som etim es poses problem s, especially when a 
loop-type ram p is involved. Loop ram ps located ad jacent to each 
o ther in cloverleaf-type interchanges do not have to adhere to the 
acceleration-deceleration length criteria; however, it is recom ­
m ended in the G reen Book to provide a distance of 1000 ft. b e­
tween ram p noses which tends to “ stretch o u t” cloverleaf in te r­
changes m aking them  practically infeasible to construct because 
of their size, unless they are located in an undeveloped area where 
right-of-way is relatively cheap. Loop-type ram ps in par-clo in ­
terchanges require nearly  one-half mile long acceleration lanes to 
meet the new criteria because of the relatively slow speeds a t­
tainable on the loops.
S tandard  M V -4 acceleration lanes usually comply favorably with 
the new design criteria on prim ary  and  interstate projects.
4. Guard Rail Offsets —
T he G reen Book calls for offsetting the face of guard  rail 2 ft. from 
the ou ter edge of the usable shoulder with an additional area of 
graded shoulder to be provided for lateral post support or deflec­
tion of rail beyond the back of the post. Discussions with the local 
FH W A  personnel have established m utually  acceptable standards 
calling for an offset of 1 ft. from the ou ter edge of the usable 
shoulder to the face of rail and a graded shoulder w idth of 2 ft. 
behind the guard  rail post for lateral support. A dherence to this 
new criteria  require shoulders to be constructed  3 ft. 3 in. w ider 
than  previously constructed where guard  rail m ust be provided. 
A lthough the new guard  rail shoulder construction requirem ents 
should pose only m inim al, if any, problem s in rural areas, where 
right-of-w ay is very tight in u rban  areas or especially on already 
designed projects where right-of-way has been purchased, signifi­
cant problem s may arise. If  B .C .T . guard  rail end trea tm en t is 
to be provided, shoulders m ay require  w idening as m uch as 7 ft. 
3 in. which further com pounds the problem .
5. Green Book G uidelines on Spot Im provem ents —
O n m any spot im provem ents such as small structure replacem ents, 
sight distance corrections or intersection im provem ents, strict 
adherence to the new A A S H T O  guidelines result in im proving
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short, some very short, sections of roadw ay. Some im provem ent 
sections m ay be only 50 to 100 ft. long with full w idth shoulders 
and pavem ent which is m uch better than  existing conditions on 
the rem ainder of the road which m ay stretch for miles. Such an 
expend itu re of funds for these short sections, which do not con­
tribu te  to the safety of travel on that highway in general, does 
not seem to be cost-effective, especially where no fu ture im ­
provem ents for that particu lar route are scheduled in the 
foreseeable future.
Some examples of the effects of the application of the new G reen Book 
guidelines for new or previously designed projects are as follows:
1. T he 1984 A A SH T O  “ A Policy on G eom etric Design of Highways 
and S tree ts”  has provided a challenge to the highway engineer. 
L earn ing  the new standards in itself is a paper chase and quite 
tim e consum ing. T his, how ever, is not the true challenge. T he 
true challenge is to arrive at an alternate  solution tha t satisfies 
the new policies yet is in the realm  of financial feasibility. T he 
tought standards and even tougher enforcem ent of the standards 
have inflated the an tic ipated  construction costs of m any projects. 
T he following example is perhaps not typical, but clearly illustrates 
this challenge.
U S 50 east of Bedford has been the subject of a highway im prove­
m ent study. T he initial study was com pleted in M arch  of 1984, 
p rior to the release of the new standards. T he proposed facility 
would have consisted of ju st adding a truck lane or, if geom etries 
were obviously substandard , providing new horizontal and ver­
tical alignm ent in accordance with the Blue Book. T he rem ainder 
of the design standards were as follows:
T he  provisions of the study called for addition of “ truck passing 
lanes”  on steep grades. T his consisted of the addition  of a single 
lane for traffic proceeding uphill. U nder the proposal, a m inim um  
of 80%  passing opportunity  was provided with the additional lane 
as opposed to wide spread grade reduction. T he proposal allowed 
a m inim um  of related earthw ork and land acquisition. It also p ro ­
vided the most pavem ent tha t could be salvaged. These facts con­
tributed  to a low cost estim ate. A 4.55-mi segm ent was anticipated
Design Y ear Traffic (D H V ) 
Design Speed, m ph 
No. of Lanes, W idth (ft) 
Design Basis
Shoulder W idth  (ft) stabilized 
C u rv a tu re , M ax. D egree 
G rad ien t, M ax. Percent
2 @ 12 ft 







to cost approxim ately  $2,073,000. T h is proposal was abandoned  
since its im plem entation  could not be finished prior to the release 
of the new standards.
T he next alternate  exam ined was a full com pliance with the 1984 
standards. It was assum ed that provided a four-lane facility would 
be less expensive than  a two-lane facility. T his was assum ed true 
because of the rolling terra in . W ith the four-lane facility, passing 
opportunity would not be a function of passing sight distance. This 
would allow fewer corrections to the vertical alignm ent. L ater this 
assum ption was verified as correct. T h e  design standards were 
as follows:
Design Y ear Traffic (D H V ) 
Design Speed, m ph 
No. of Lanes, W idth  (ft) 
D esign Basis
Shoulder W idth (ft) Stabilized 
C u rv a tu re , M ax. D egree 
G rad ien t, M ax. Percent
650
60
4 @ 12 ft 
T w o-W ay R oad  
10
4 °-4 5 ' 
4
As would be expected, construction  of a four-lane facility would 
involve a substantial am oun t of earthw ork. Since the facility was 
originally constructed using different standards, the existing align­
m ent is far from adequate. M ajor corrections to the vertical align­
m ent are needed. This in turn  disallowed pavem ent to be salvaged. 
Basically, the entire facility would have to be replaced. Existing 
right-of-way was about all that could be saved. The estim ated cost 
was $5,162,000 for the sam e length of roadw ay.
T his figure was clearly out of reach. W ith  average design hour 
volum e at 650, a four-lane facility was twice as m uch as needed. 
T he th ird  attem p t for a solution was m ade. T h is tim e, a 3R  ap ­
proach was tried. 3R  stands for R esto ring, R esurfacing and 
R ehabilita tion . It com plies to A A S H T O ’s m edian standards. 
T hese standards are as follows:
Design Y ear Traffic (D H V )
D esign Speed, m ph 
No. of Lanes, W idth  (ft)
Shoulder W idth  (ft) Stabilized 
C u rv a tu re , M ax. D egree
horizontal a lignm ent would be m ain ta ined) 
G rad ien t, M ax. Percent 7% -6%
*Truck clim bing lane w here needed
650 
50-60 
2 @ 12 ft* 
8 ft
7° 3 0 ' - 4 °  4 5 ' (Existing
U n d er this option, horizontal a lignm ent was not corrected. 
Substantial vertical alignm ent correction was necessary. Stopping
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sight distance was provided in all locations. W here necessary, 
grade reductions were used to accom plish this goal. T he  3R  solu­
tion requ ired  substantially  less earthw ork than  full A A S H T O . It 
also m ade it possible to salvage approxim ately 50% of the existing 
pavem ent. T he an tic ipated  cost of construction was set at 
$2,823,000 for the same 4.55 mi segment. Unfortunately, this p ro­
posal has received a great deal of opposition from the Federal 
H ighw ay A dm inistration . T he prescribed im provem ents were 
deem ed beyond the scope of intended im provem ents for 3R  
corrections.
A fourth and  final study was conducted in an effort to illustrate 
the m erits of 3R  in com parison to full adherence to A A S H T O . 
T he last set of design criteria exam ined was as follows:
D esign Y ear T raffic (D H V ) 650
Design Speed, m ph 60
No. of L anes, W idth (ft) 2 @ 12 ft
Design Basis Tw o-W ay R oad
Shoulder W idth  (ft) Stabilized 10 ft
C u rv a tu re , M ax. D egree 4 ° -4 5 '
G rad ien t, M ax. Percent 4
T his a lternate , as shown, w ould provide a two-lane facility with 
80%  passing opportun ity . U pon inspection of this a lternate , it 
quickly becam e apparen t that the earthw ork and land acquisition 
required would be prohibitive. Prelim inary calculation showed that 
approxim ately  57,000 cu yd of cut would be needed in addition  
to 1,400,000 cu yd of fill. T he cost estim ate for the proposal was 
set at $8,334,000.
2. T he M ay 15, 1986, deadline for letting  projects tha t did not m eet 
G reen Book standards has produced a num ber of problem s for 
ou r Bridge Design D epartm en t. Som e bridges that had received 
design approval from the FH W A  with the design nearly com plete 
had to be redesigned to m eet the new guidelines. T h e  M ay 
deadline was imposed on relatively short notice which did not allow 
adequate tim e to let the bridges before M ay 15th. A be tte r solu­
tion would have been to require any project which had not received 
design approval by the M ay 15th deadline adhere to the new 
guidelines.
T he lengthening of m any of the interchange acceleration and 
deceleration lanes has necessitated the widening of adjacent bridges 
which has doubled or tripled the cost of a norm al bridge rehabilita­
tion project.
M any  local public assistance projects have been unduly  delayed 
in o rder to m eet the new guidelines or to request approval of ex­
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ceptions to the guidelines. C osts are likely to increase by 25%  ore 
m ore.
3. T he plans for the Fort W ayne Southeast Bypass projects which 
have been under design for several years have been signed; 
how ever, even though the projects are scheduled for late 1986 or 
early 1987 lettings they m ay have to be revised to m eet the new 
guidelines. Almost all crossroad overpasses m ust be redesigned 
to m eet the vertical curve criteria including both sag and  crest 
vertical curves which were originally designed for a 50 m ph design 
speed and did meet the applicable design criteria p rio r to the ad ­
vent of the Green Book. However, the current functional classifica­
tion of these roads requires a higher design speed and  adherence 
to the new higher level criteria. E ight crossroads m ust be revised 
and one m ainline vertical curve m ust be revised if the new 
guidelines prevail. If any interchanges have to be redesigned to 
meet the new guidelines and “ spread o u t” more, then, the original 
design concepts w herein geom etries were to be provided to 
m inim ize the right-of-way requirem ents and the subsequent im ­
pacts upon the adjacent properties would be violated and  what 
trust the local residents have in the In d iana  D epartm en t of 
H ighw ays will be som ew hat d im inished. As in the case of the 
bridges, sufficient tim e was not available to make the necessary 
changes and considerable redesign is necessary. The current design 
was approved on N ovem ber 8, 1983.
4. T he Keystone A venue/N orth  Leg In tersta te 465 interchange 
modification requires lowering the existing Keystone Avenue pave­
m ent in o rder to meet 16 ft 6 in. desirable vertical clearance re­
qu irem ents u nder the In tersta te  465 bridges ra th er than  the 
m inim um  clearance of 14 ft 6 in., which approxim ates the existing 
clearance. O bviously, low ering the grade 2 ft or m ore will com ­
plicate m aintenance of traffic problem s and greatly reduce traffic 
flows through  an already congested area.
5. W eaving distances requirem ents as well as deceleration- 
acceleration lane length requirem ents will result in the almost com ­
plete reconstruction of the U S 31/Interstate 265 interchange north 
of Jeffersonville when I-265 is extended eastward. The interchange 
will occupy a vastly g reater area, also, requ iring  m arkedly m ore 
right-of-w ay.
6. Some projects such as I-164 near Evansville may end up with some 
adjacent bridges, e tc., built to two different guidelines because 
of stage construction which will span the M ay 15th deadline.
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